Abstract. Objective: The aim of this study was to determine the association between serum albumin and the severity of microvascular complications and presence of coronary artery disease in type 2 diabetic patients. Patients and Methods: The presence of diabetic complications was assessed in a total of 130 Japanese patients with type 2 diabetes mellitus. Retinopathy was classified as absent, simple or proliferative diabetic retinopathy. Neuropathy was considered to be present when the patient showed absence of Achilles tendon reflex, and also evaluated by measuring the median motor nerve conduction velocity (MNCV) in the nerve conduction study. Results: In relation to retinopathy, there were 83 patients with no retinopathy (absent), 26 with simple retinopathy and 21 with proliferative retinopathy. There was a significant difference in the serum albumin level between the "absent" group and the other two groups. In relation to nephropathy, there were 68 patients with no evidence of nephropathy, 49 with microalbuminuria and 13 with proteinuria. The results of logistic regression analysis with adjustment for three variables (age, gender, serum CRP) revealed that serum albumin was independently related to proliferative retinopathy and proteinuria. In relation to neuropathy, serum albumin was found to be significantly related to the absence of Achilles tendon reflex, MNCV, and MFWL. The results of multiple regression analysis with adjustment for three variables (age, gender, serum CRP) revealed that serum albumin was independently related to MNCV and MFWL. Conclusions: Serum albumin was significantly associated with the severity of retinopathy and neuropathy.
ALBUMIN, which is the predominant product of hepatic protein synthesis, is one of the most abundant plasma proteins in mammalians and represents the oldest marker of phylogeny from primates to humans. While evolutionary stability may suggest a critical role of the protein, only minor functions, generally related to transport of ions and drugs, of albumin have been documented. Although it has already been reported that hypoalbuminemia and proteinuria were strongly associated with the severity of nephropathy in type 2 diabetic patients [1] , the association between serum albumin and the severity of other microvascular complications of diabetes, such as retinopathy and neuropathy and its clinical significance have not yet been elucidated. In addition, the relationship between the serum albumin and the presence of coronary artery disease in type 2 diabetic patients also remains unknown.
The aim of this study was to determine the association between serum albumin and the severity of microvascular complications as well as presence of coronary artery disease in type 2 diabetic patients.
Material and methods

Subjects
We evaluated the relevant clinical indicators in diabetic patients who were admitted to the Yokohama City University Hospital between 2003 to 2006. The protocol was reviewed and approved by the institutional ethics review committee. Informed consent was obtained from all of the subjects prior to the examinations. The study was carried out in 130 patients admitted to our hospital for stringent control of blood glucose. The patients were composed of 80 men and 50 postmenopausal women (mean age, 61.1 ± 11.4 years; mean body mass index, 25.0 ± 4.4 kg/m 2 ). The subject population was restricted to men and postmenopausal women, in order to eliminate the influence of possible pregnancy and female hormone replacement therapy. Also, only subjects older than 20 years of age were enrolled, in order to reduce the possible confounding effect of growth and development. Persons with a history of alcohol intake of ≥20 gram/day were excluded from the study. The characteristics of the 130 Japanese patients with type 2 diabetes mellitus are shown in Table 1 .
Blood sampling and biochemical assay
Blood samples were obtained before breakfast on the second day of hospitalization, for measurements of the biochemical parameters, which was conducted at the Central Laboratories of Yokohama City University.
Classification of the severity of microvascular and macrovascular complications
The complications of diabetes assessed in this study included nephropathy, peripheral neuropathy, retinopathy, and coronary artery disease.
Nephropathy was classified as absent, microalbuminuria or persistent proteinuria. "Absent" was defined as a urinary albumin level <30 mg/gCr. Microalbuminuria was defined as 30 mg/gCr ≤urinary albumin <300 mg/gCr. Proteinuria was defined as urinary albumin ≥300 mg/gCr and serum creatinine ≤1.1 mg/dl. Assessment on diabetic retinopathy was performed by an ophthalmologist using retinal photography. The complication was graded in severity as no-retinopathy, simple (mild or moderate non-proliferative, pre-proliferative retinopathy) retinopathy or proliferative retinopathy, based on the Davis classification [2] .
Neuropathy was considered to be present when the patient showed bilateral absence of Achilles tendon reflex. Neuropathy was also evaluated by measuring the median motor nerve conduction velocity (MNCV) and the minimum latency of the F-wave. Somatic nerve function was evaluated by measuring the median MNCV in the patient's non-dominant arm. The upper arm was chosen to avoid any bias due to possible lower limb impairment caused by the Japanese tendency to sit straight. The minimum F-wave latency (MFWL) was measured in the median and tibial motor nerves. The nerve conduction velocity and MFWL were measured by electromyography at 32-34°C, in accordance with the method proposed by Kohara et al. [3] . The F-wave was measured 16 times, and the minimum was adopted as the value for this analysis. In electromyogram examinations, there were no patients with obvious carpal tunnel syndrome.
Coronary artery disease was considered to be present even if the patient had a history of any of the following: myocardial infarction, coronary artery disease, congestive heart failure, stroke, transient ischemic attacks, intermittent claudication, antianginal treatment, or electrocardiograhic (ECG) abnormality.
Data analysis
All the data were expressed as means ± SD. The relationship between any two variables was analyzed by standard correlation analysis conducted using the Stat- 
Results
Duration of diabetes
Serum albumin was significantly associated with duration of diabetes (r = -0.211, p = 0.0156), but not with urinary albumin level (r = -0.167, p = 0.1160). There was a significant difference in the duration of diabetes between the "absent" group and the other groups in relation to retinopathy and neuropathy, but not in nephropathy and coronary artery disease (Table 2) .
Retinopathy
In relation to retinopathy, there were 83 patients with no retinopathy (absent), 26 with simple retinopathy and 21 with proliferative retinopathy. The serum albumin level was 4.395 ± 0.334 g/dl in the "absent" group, 4.242 ± 0.294 g/dl in the simple retinopathy group and 4.205 ± 0.317 g/dl in the proliferative retinopathy group (Table 2 ). There was a significant difference in the serum albumin level between the "absent" group and the other two groups. The results of logistic regression analysis with adjustment for three variables (age, gender serum CRP) revealed that the serum albumin was independently related to the proliferative retinopathy (Table 3) .
Nephropathy
In relation to nephropathy, there were 68 patients with no evidence of nephropathy (absent), 49 with microalbuminuria and 13 with proteinuria. The serum albumin was 4.382 ± 0.325 g/dl with the "absent" group, 4.320 ± 0.340 g/dl in the microalbuminuria group and 4.131 ± 0.272 g/dl in the proteinuria group (Table 2) . There was a significant difference in the serum albumin between the "absent" group and the proteinuria group, but not between the "absent" group and microalbuminuria group. The results of logistic regression analysis with adjustment for three variables (age, gender and serum CRP) revealed that the serum albumin was independently related to the severity of proteinuria (Table 3) .
Neuropathy
In relation to Achilles tendon reflexes, there were 62 patients without neuropathy (absent) and 68 patients with neuropathy (present). The serum albumin was 4.428 ± 0.356 g/dl in the "absent" group and 4.251 ± 0.288 g/dl in the "present" group (Table 2) . There was significant difference in the serum albumin between the two groups. The results of logistic regression analysis with adjustment for three variables (age, gender and serum CRP) revealed the significant association between the serum albumin and the presence of neuropathy (Table 3) .
In relation to electromyogram examinations, the serum albumin was found to be significantly associated with the MNCV (r = 0.296, p = 0.0019), and MMFWL (r = -0.220, p = 0.0155), but not the TMFWL (r = -0.134, p = 0.1392) ( Table 4 ). The results of multiple regression analysis with adjustment for three variables Data are means ± SD. *P<0.05 compared with the "absent" group.
(age, gender and serum CRP) revealed that the serum albumin was independently related to the MNCV, MMFWL and TMFWL (Table 5) .
Coronary artery disease
In relation to the association between serum albumin and the presence of coronary artery disease, there were 104 patients without coronary artery disease (absent) and 26 patients with coronary artery disease (present).
The serum albumin was 4.354 ± 0.334 g/dl in the "absent" group and 4.231 ± 0.296 g/dl in the "present" group (Table 2 ). There was no significant difference in the serum albumin between the two groups. The results of logistic regression analysis with adjustment for three variables (age, gender and serum CRP) revealed the absence of any significant association between the serum albumin and the presence of coronary artery disease (Table 3) .
Conclusion
Although it has already been reported that hypoalbuminemia was strongly associated with the severity of nephropathy in type 2 diabetic patients [1] , there have been no reports on the association between serum albumin and the severity of other microvascular complica- tions, such as retinopathy and neuropathy, in diabetic patients. In the present study, we report two positive findings. First, the serum albumin was significantly associated with the Achilles tendon reflexes and the results on electromyogram examinations, such as the MNCV, MMFWL and TMFWL. Second, the serum albumin was significantly associated with the severity of retinopathy. We were also able to reproduce the previously reported association between the serum albumin level and the severity of proteinuria in type 2 diabetic patients [4] . No association between the serum albumin and the presence of coronary artery disease was detected in this study. It was reported that hypoalbuminemia is due to albuminuria by diabetic nephropathy [5] and increased acute-phase inflammation, given that albumin is also a negative acute-phase reactant [6] . In this study, because serum albumin was not significantly associated with urinary albumin level, hypoalbuminemia may be a result of inflammation rather than albuminuria. It is established that inflammation is involved in the pathogenesis of chronic diabetic complications. Thus, it is possible that chronic inflammation is also responsible for the decrease in the serum levels of albumin in diabetic patients [6] . Elevation of the serum levels of the acute-phase inflammatory marker, CRP, has been reported to be related to insulin resistance [7, 8] , suggesting the role of chronic low-grade inflammation in the development of insulin resistance. We performed multiple and logistic regression analysis with adjustment for three variables (age, gender and serum CRP), and the results revealed that the serum albumin was still significantly associated with the severity of proliferative retinopathy and proteinuria, the absence of Achilles tendon reflexes, as well as the MNCV, MMFWL and TMFWL (Tables 3, 4) . These results suggest that the association between serum albumin with the severity of microvascular complications is also attributable to some factors related to chronic inflammation other than CRP.
It has been reported that treatment with angiotensinconverting enzyme inhibitors is useful not only to decrease the severity of albuminuria, but also to maintain the serum albumin level [9] . It therefore seems likely that treatment directed at maintaining the serum level of albumin within normal range may be a useful therapeutic strategy to protect against the progression of microvascular complications in diabetic patients.
In conclusion, our results suggest that serum albumin could be one of the indicators for the severity of microvascular complications, including retinopathy, neuropathy and nephropathy, in Japanese patients with type 2 diabetes. Although albuminuria may be more sensitive cardiovascular risk factor than hypoalbuminemia [9, 10] , our study suggests the significance of regular measurement of serum albumin even before the appearance of microalbuminuria or marked proteinuria in order to protect against the progression of microvasular complications.
